Key Summary Points {#FPar1}
==================

Why carry out this study? Obesity has many negative effects on people's health, including obesity syndrome and complex complications and so on, causing heavy economic losses and social burdens. When failing to rely on body management to lose weight, surgery is an effective alternative approach. Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy, and sleeve gastrectomy with jejunal bypass (SGJB) are commonly adopted in clinical practice according to body index of patients; however, little is known about the difference of the three kinds of bariatric surgery. So in order to provide specific and detailed illustration on the prognosis of the three kinds of bariatric surgery, we compared their clinical effects based on a case--control study of 175 participants.What was learned from the study? For overweight patients, it is hard to lose weight without bariatric surgery when failing to self-manage the condition. There are no significant differences in the prerequisites for Roux-en-Y gastric bypass, sleeve gastrectomy, and sleeve gastrectomy with jejunal bypass, including age, sex, weight, BMI, and other medical comorbidities, except diabetes and hyperinsulinemia. The three kinds of bariatric surgery have no significant difference between weight loss and BMI for a long time, while the most important factors were long-term dietary control and exercise after bariatric surgery for optimal weight loss.

Introduction {#Sec1}
============

By reducing food intake and nutrition absorption, bariatric surgery is an effective treatment option for not only long-term weight loss \[[@CR1]\] but also improving visceral fat and declining the risk of cardiovascular diseases \[[@CR2]\], significantly ameliorating obesity-related comorbidities. The most common bariatric surgeries for obesity therapy are Roux-en-Y gastric bypass (RYGB) \[[@CR3]\], sleeve gastrectomy \[[@CR4]\], and sleeve gastrectomy with jejunal bypass (SGJB) \[[@CR5]\]. RYGB surgery could reduce food intake and absorption by directly linking small stomach capsule and small intestine, which has been studied earlier and performed more frequently in patients with weight loss and diabetes. Moreover RYGB is most effective in treating patients with obesity accompanied by type 2 diabetes \[[@CR6], [@CR7]\]. Sleeve gastrectomy would remove about 70% of stomach volume and keep the main part responsible for digesting food. In addition to less intake, sleeve gastrectomy reduces the production of ghrelin to suppress appetite \[[@CR8]\]. About 10--15 BMI points or 70% excess weight could decrease within 2 years after surgery. For those with a higher BMI (over 40) and difficulty in reducing their food intake, sleeve gastrectomy is ideal for weight loss, as is currently widely applied in Europe \[[@CR9]\]. SGJB is an improvement of sleeve gastrectomy, specifically for the treatment of insulin resistance and type 2 diabetes \[[@CR10], [@CR11]\]. However, little is known about differences of the three kinds of bariatric surgery. We performed a case--control study to survey 175 patients for 1--2 years undergoing RYGB, sleeve gastrectomy, or SGJB to evaluate and compare their clinical effects.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

All patients who participated in this study underwent bariatric surgery, including RYGB, sleeve gastrectomy, and SGJB, according to personal health conditions of patients and doctors' recommendations. Roux-en-Y gastric bypass is an end-to-side surgical anastomosis of the bowel involving creating a small pouch from the stomach and connecting the newly created pouch directly to the small intestine. Roux-en-Y gastric bypass is promising to improve the treatment of type 2 diabetes. Sleeve gastrectomy removes about 85% of the stomach leaving a cylindrical or sleeve shaped stomach with a capacity ranging from about 60 to 150 cm^3^, depending upon the surgeon performing the procedure. SGJB uses staples to create a sleeve of stomach. After this, a loop of the part of small intestine called the jejunum is joined to the first part of the duodenum. Weight and BMI were recorded before and after bariatric surgery. We comprehensively evaluated the health indexes of every patient and talked about the surgery with the patients for informed consent and permission, and eventually performed the operation.

The three kinds of bariatric surgery had the potential to cause blood clots, postoperative bleeding, infection, and pain. Blood clots were regularly cleaned up during the operation. Postoperative bleeding and pain were common in our patients, but they can be improved under proper hospital care. Infection was rare and only one patient was infected because of improper care after being discharged to his home, but after that he was quickly cured. In our hospital, every bariatric surgery was strictly evaluated and performed by experts, so the frequency of complications was very low. Once a syndrome was detected, doctors initiated treatment as soon as possible. We have done a baseline matching for any possible co-variates to rule out an inappropriate study population in advance. Patients were followed up by telephone interview once per month for 1--2 years to record data, including current body weight, daily diet, healthy status, and exercise habits.

Compliance with Ethics Guidelines {#Sec4}
---------------------------------

All patients have signed informed consent and agreed to the telephone interview as approved by our review board. This study protocol was approved our institutional ethical committee.

This study was performed in accordance with the Helsinki Declaration of 1964 and its later amendments.

Physical Activity Measurement and Diet Management {#Sec5}
-------------------------------------------------

On the basis of the Behavioral Risk Factor Surveillance System Survey, we interviewed participants once per month by telephone \[[@CR12]\]. Participants were asked questions about current weight, daily diet, and leisure-time exercise.

Study Selection {#Sec6}
---------------

We performed a case--control study and meta-analysis in patients with obesity treated with bariatric surgery and accompanied by medical tests before and after surgery. Patients were acting as their own control group, since various physical signs were compared before (perioperative) and after the surgery. Patients undergoing reoperation for obesity were excluded.

Data Extraction {#Sec7}
---------------

Data was extracted independently using standard data extraction forms, including weight, BMI, type 2 diabetes, hyperinsulinemia, hypertension, hyperuricemia, hyperlipidemia, non-alcoholic fatty liver disease, obstructive sleep apnea syndrome, sexual dysfunction, and liver function indexes, as well as the corresponding operation method. Disagreements were discussed and resolved by consultation between all authors.

Risk of Bias {#Sec8}
------------

Two reviewers independently evaluated the quality of the selected studies using the Newcastle--Ottawa scale (NOS) \[[@CR13]\]. According to NOS, evaluation criteria were based on three methodological categories: selection (score 0--4), comparability (score 0--2), and outcome (score 0--3). Score 7--9 was considered high, 4--6 intermediate, and 0--3 low. Disagreements were excluded by consensus.

Statistical Analysis {#Sec9}
--------------------

Meta-analysis was applied and the effects of the specific bariatric surgery were expressed with 95% confidence intervals for dichotomous outcomes and mean difference (MD) for continuous outcomes with 95% confidence intervals \[[@CR14]\]. ANCOVA was used to remove the bias of other variables which may confound dependent variables. All statistical analyses were performed with SPSS 22.0, and *P* \< 0.05 was considered significant.

Results {#Sec10}
=======

About 54% of the eligible patients were successfully enrolled; they completed tests every 6 months for 1--2 years to evaluate the effects of bariatric surgery. Among the 175 enrolled patients, RYGB surgery was adopted by 62 patients, sleeve gastrectomy by 78 patients, and SGJB by 35 patients. The average follow-up from the time of surgery was 1.8 years, with a range between 1 and 2 years (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Schematic diagram of enlisted patients and treatment

Presurgical characteristics of patients can be found in Table [1](#Tab1){ref-type="table"}. Weight, BMI, and medical comorbidities were the most important factors when considering which kind of bariatric surgery was adopted. Moreover, we comprehensively evaluated the health indexes of every patient and talked about the surgery with patients for informed consent and permission, and eventually performed the operation. It is noteworthy that no matter what surgery type was adopted, there were no significant differences between the three groups with respect to age, sex, weight, BMI, and other medical comorbidities except diabetes and hyperinsulinemia; in relation to the surgery type, the percentage of patients who underwent sleeve gastrectomy was the lowest in those with diabetes and the highest in those with hyperinsulinemia. Moreover, the highest percentage of obese patients with diabetes underwent SGJB to achieve weight loss.Table 1Descriptive baseline characteristics based on bariatric surgeryVariableOverallRYGBSleeve gastrectomySGJB*P* valueTotal (*N*)175627835Age (years)38 ± 1039 ± 1037 ± 1236 ± 110.412Female112 (64%)41 (66%)48 (62%)23 (66%)0.215Weight (kg)138 ± 16136 ± 18142 ± 16139 ± 160.132BMI (kg/m^2^)46 ± 547 ± 546 ± 546 ± 60.327Medical comorbidities  Diabetes58 (33%)24 (39%)13 (17%)21 (60%)0.021  Hyperinsulinemia62 (35%)18 (29%)35 (45%)9 (26%)0.031  Hypertension74 (42%)27 (44%)31 (40%)16 (46%)0.127  Hyperuricemia28 (16%)10 (16%)13 (17%)5 (14%)0.246  Hyperlipidemia52 (30%)17 (27%)26 (33%)9 (26%)0.123  NAFLD168 (96%)60 (97%)74 (95%)34 (97%)0.326  OSAS72 (41%)25 (40%)32 (41%)15 (43%)0.512  Sexual dysfunction4 (2%)1 (2%)2 (2%)1 (3%)0.102  Liver function dysfunction36 (21%)11 (18%)16 (21%)8 (23%)0.135*NAFLD* non-alcoholic fatty liver disease, *OSAS* obstructive sleep apnea syndrome

The subsequent weight tests after the corresponding bariatric surgery showed a time-dependent decrease in average percentage weight loss (Fig. [2](#Fig2){ref-type="fig"}). Comparatively, there were no significant differences of the percentage weight loss after RYGB, sleeve gastrectomy, and SGJB.Fig. 2Percentage weight loss every month after bariatric surgery

As expected, the BMI declined each month after bariatric surgery, quickly in the first few months and then more gradually to stay steady (Fig. [3](#Fig3){ref-type="fig"}). There was also no significant difference of BMI variance among RYGB, sleeve gastrectomy, and SGJB.Fig. 3BMI for every month after bariatric surgery

Surprisingly, the systolic and diastolic blood pressures were much improved for every patient after bariatric surgery. As shown in Fig. [4](#Fig4){ref-type="fig"}, the systolic and diastolic blood pressures before bariatric surgery were more above the normal level for most obese patients; however, after bariatric surgery and regardless of the method chosen, the systolic and diastolic blood pressures were nearly back to normal for most patients after an 18-month recovery. Moreover, other measurements, such as hyperlipidemia, hyperuricemia, fatty liver, obstructive sleep apnea syndrome, polycystic ovary syndrome and menstrual disorders for female obese patients, were improved to some degree. Patients after bariatric surgery, no matter which one kind of bariatric surgery, can keep their blood sugar levels stable and in the normal range under doctor's instruction and rational drug use. The results suggest that bariatric surgery can effectively improve the obesity-related complications once weight is steadily reduced.Fig. 4Systolic and diastolic blood pressures for every patient before and after bariatric surgery. Note: Blue means the systolic pressure before bariatric surgery; red means the diastolic pressure before bariatric surgery; green means the systolic pressure after bariatric surgery; and purple means the diastolic pressure after bariatric surgery

From the statistics of patients undergoing RYGB, sleeve gastrectomy, and SGJB for about 18 months, we calculated the percentage total weight loss, excess weight loss, and BMI loss, and the overall BMI loss for every patient (Table [2](#Tab2){ref-type="table"}). We found that there was no significant difference among the three types of bariatric surgery. It would cost 35,000--40,000 yuan for sleeve gastrectomy, about 45,000 yuan for SGJB, and about 45,000--50,000 yuan for RYGB. Under normal circumstances, it was usually 7--10 days of hospitalization after surgery, and there was no difference between the three kinds of surgery. To our surprise, all patients enlisted in our telephone interview followed the doctor's advice to maintain exercise and a diet for at least 1--2 years after surgery, while some patients returned to hospital for the second surgery or other ways to lose weight because of poor dietary habits or lack of exercise.Table 2Outcomes of weight loss based on the three kinds of bariatric surgeryVariable (mean ± SD)RYGBSleeve gastrectomySGJB*P* value%TWL29 ± 1030 ± 1030 ± 100.452%EWL59 ± 1958 ± 2061 ± 200.393%EBMIL54 ± 1253 ± 1354 ± 130.483ΔBMI14 ± 513 ± 514 ± 60.491*P* values indicate ANCOVA across all groups, controlling for follow-up time after surgery*%TWL* percentage total weight loss, *%EWL* percentage excess weight loss, *%EBMIL* percentage body mass index loss, *BMI* body mass index, *SD* standard deviation

Discussion {#Sec11}
==========

Patients admitted to our hospital for obesity were unable to rely on self-control of diet and exercise to keep fit and healthy. They were desperate to ask doctors for help and action was taken as soon as possible. On the basis of these conditions, we recommended patients undergo bariatric surgery and then remain on a diet. A very strict preoperative examination is required before surgery, including chest X-ray, electrocardiogram, abdominal ultrasound or CT to check whether patients can withstand surgery and anesthesia. Also, the level of aldosterone, estrogen, androgen, and pituitary MRI should be applied to exclude other diseases leading to obesity \[[@CR15]\]. For example, pituitary adenoma, which could secrete growth hormone causing Cushing's syndrome, could also lead to obesity. In such cases bariatric surgery has no effect; only resection of pituitary adenoma is curative \[[@CR16]\].

Laparoscopic sleeve gastrectomy is suitable for young patients with better islet function, mild diabetes, and insulin resistance \[[@CR17]\]. If the patient has severe diabetes and islet dysfunction, RYGB surgery is recommended \[[@CR18]\]. However, in terms of the specific surgical method, the doctor will make a detailed examination, assessment of the islet function and general condition of the patient, and then confirm a suitable surgical method for the patient. For sleeve surgery, ghrelin level dramatically dropped a short time after surgery and then remained at a lower level than that before surgery for almost all patients.

Weight loss surgery does not immediately make you thin. Loss of most weight happens in the first month; then less weight is lost than in the previous month. Surgery can only address 70% of extra body weight of a patient, rather than making the weight normal. A weight loss diet is very important after the operation \[[@CR19]\]. Weight is easily gained with high-calorie food after surgery, so it is necessary to control the diet, change lifestyle, and combine anaerobic exercise and aerobic exercise.

Some patients were unable to stick to their diet and exercise during long-term recovery after their first surgery, and they had to return to our hospital for reoperation or hospitalization. We rechecked their body indexes and re-evaluated whether they could tolerate another operation or other treatment. For example, three patients were rehospitalized. We initially made detailed arrangements for them to monitor their body weight change and other characteristics in the first 2 weeks. Two of the patients were kept under supervision, but the other patient required another operation.

This study was limited by the small population in 2 years, and use of more patients with longer follow-up information would have been more robust and precise.

Conclusion {#Sec12}
==========

This study compared three kinds of laparoscopic bariatric surgery and weight loss outcomes in individuals for 1--2 years after weight loss surgery. We found that bariatric surgery is the first choice, then long-term dietary control and exercise for weight loss, but it had nothing to do with the specific type of bariatric surgery.
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